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Abstract
Adhesive arachnoiditis is a rare condition, often complicated by syringomyelia.
This pathologic entity is usually associated with prior spinal surgery, spinal
inflammation or infection, and hemorrhage. The usual symptoms of arachnoiditis
are pain, paresthesia, and weakness of the low extremities due to the nerve
entrapment. A few cases have had no obvious etiology. Previous studies have
reported one family with multiple cases of adhesive arachnoiditis. We report a
second family of Belgian origin with multiple cases of arachnoiditis and secondary
syringomyelia in the affected individuals.
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Familial Adhesive Arachnoiditis Associated with Syringomyelia
V. Pasoglou, N. Janin, M. Tebache, T.J. Tegos, J.D. Born, and L. Collignon
ABSTRACT
SUMMARY: Adhesive arachnoiditis is a rare condition, often complicated by syringomyelia. This pathologic entity is usually associated
with prior spinal surgery, spinal inﬂammation or infection, and hemorrhage. The usual symptoms of arachnoiditis are pain, paresthesia, and
weakness of the low extremities due to the nerve entrapment. A few cases have had no obvious etiology. Previous studies have reported
one family with multiple cases of adhesive arachnoiditis. We report a second family of Belgian origin with multiple cases of arachnoiditis
and secondary syringomyelia in the affected individuals.
Adhesive arachnoiditis is a relatively scarce condition. This pa-thology refers to an inflammation of the arachnoid matter,
which becomes thick and adherent and is often associated with sy-
ringomyelia. Common etiologies are spinal surgery, inflammation
and/or infection such as tuberculous meningitis, hemorrhage,
trauma, and injection of anesthetic agents. During the past decades,
this entity (syndrome) has been particularly related to an oil-based
contrast agent used for myelographic studies. However, a few cases
with no obvious cause have also been reported in the literature. In
this regard, adhesive arachnoiditis is a sporadic condition, except for
a single family of Japanese origin comprising 9 affected individuals.
Part of this family immigrated to Canada and was reported by Duke
and Hashimoto in 1974.1 Adding new cases from part of the same
family in Japan, Nagai et al2 published an update in 2000 and drew a
pedigree showing an apparent vertical transmission of the disease
over 3 generations. We report here a second family with multiple
cases of arachnoiditis and secondary syringomyelia in the affected
individuals.
CASE SERIES
The pedigree of the Belgian family is shown in Fig 1.
Case 1
In 1979, a 35-year-old woman without a history of trauma, infec-
tion, and spinal operation presented to a local emergency depart-
ment with flaccid paraparesis and complete sensory loss of all
modalities below the level T6 (Fig 1, II.7). A myelographic exam-
ination was performed and revealed a blockage at the level of
the dorsal spine. Surgery revealed the presence of attenuated
arachnoidal adhesions at the levels T5–T6. The patient was
treated by lysis of the adherent tissue. Postoperatively, the pa-
tient reported a slight amelioration of the symptoms, but 1 year
later, she presented with walking difficulty, a right-sided
Babinski sign, and complete sensory loss below the T6 level. CT
of the brain and myelographic findings were normal; however,
her symptoms worsened with time. In 1985, a routine MR
imaging examination of the cervical and dorsal spine was per-
formed and revealed a syringomyelic cavity from the C5 to T5
levels, just above where the surgeon had found the arachnoid
adherences.
Case 2
In the early 80s, the brother of case 1, a 50-year-old man, was
diagnosedwith syringomyelia (Fig 1, II.1). The patient underwent
surgery for this condition but died due to perioperative compli-
cations. This information was disclosed by the family because no
official documentation was available.
Case 3
The son of case 2 and brother of case 4 was neurologically im-
paired and presentedwith walking difficulties. No official diagno-
sis or documentation was available (Fig 1, III.6).
Case 4
A 49-year-old woman (daughter of case 2, sister of case 3, cousin
of cases 5 and 6) without a history of trauma, infection, or spinal
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operation presented in 2001withwalking difficulty and instability
(Fig 1, III.5). The symptoms first appeared in 2000 when she re-
ported paresthesia and bilateral dysesthesias below the knee, as
well as chronic back pain. During the present neurologic exami-
nation, the patient could hardly lift her legs (flaccid paralysis).
The examination revealed loss of pain and hot-cold sensation be-
low the T3 level on both sides. The light-touch sensation and the
vibration sensation in both medial malleoli were preserved. The
Babinski sign was absent bilaterally. The routine serologic study
findings were normal, including C-reactive protein levels. The
CSF contained 5 white blood cells/mm3. CT of the brain re-
vealed hydrocephalus. MR imaging using sagittal T2-weighted
turbo spin-echo, T1-weighted TSE, amyelographic sequence, and
a gadolinium-enhanced T1-weighted turbo spin-echo sequence
of the whole spine, completed by a transverse T2-weighted TSE at
the level of the detected anomalies, was performed and revealed
the presence of a syringomyelic cavity at the T3–T8 levels. No
arachnoid adhesionswere detected by the examination. Therewas
no anomaly in the rest of the spine, and the administration of
contrast material confirmed the absence of a causative tumoral
lesion. The neurosurgeon mentioned the presence of thick and
adherent arachnoid matter just below the level of the tubular sy-
ringomyelic cavity; nevertheless, MR imaging did not depict this
arachnoidweb. The pathologic examination of the extracted spec-
imen confirmed the fibrous nature of themeningeal tissue sample
with meningoepithelial cells and lymphocyte infiltration. The di-
agnosis of adhesive arachnoiditis wasmade. Follow-upMR imag-
ing examinations showed the regression of the transverse size of
the spinal cord and syrinx.
Case 5
A 45-year-old woman (cousin of cases 3, 4, and 6) presented in
2007 with dorsal pain, walking difficulty, and paresthesias at the
thoracic dermatomes (Fig 1, III.17). The neurologic examination
revealed hyperesthesia at the T5 level. The routine serologic study
findings were normal, including the C-reactive protein level. The
CSF contained 1 white blood cell/mm3. All other CSF data were
within normal ranges. The MR imaging examination included
the same sequences as those used in case 4 and demonstrated the
presence of a syringomyelic cavity extending from the T2 to T7
levels and the presence of low-signal arachnoid adhesions at the
T3–T4 level (On-line Fig 1). The rest of the spine was normal.
After administration of contrast material, the arachnoid webs did
not enhance and the presence of a causative tumoral lesion was
excluded. The neurosurgeon confirmed the presence of thick and
adherent arachnoid matter. The pathologic examination findings
alluded to an adhesive arachnoiditis without signs of tumoral
infiltration.
Case 6
In 2010, a 49-year-oldwoman (cousin of cases 3, 4, and 5)without
any predisposing factors for arachnoiditis presented with left-
sided numbness from level T4 to T10 (Fig 1, III.9). Light-touch
sensation was decreased between the T4 and T8 levels, but the
vibration sensation was normal. The deep tendon reflexes were
normal in the upper and lower limbs. The Babinski sign was ab-
sent bilaterally. She also had walking difficulty and urinary incon-
tinence. The routine serologic study findings were normal, in-
cluding C-reactive protein. The CSF contained 5 white blood
cells/mm3. CT of the brain revealed hydrocephalus. MR imaging
examination of the spine included a sagittal T2 (TR/TE, 1900/100
ms), sagittal T1 (TR/TE, 330/7.4 ms), sagittal short-TI inversion
recovery (TE/TR, 60/2500 ms and inversion recovery delay, 170
ms) of the whole spine completed by axial balanced turbo-field
echo (TR/TE: 6.2/3.1 ms) at the level of the detected anomalies.
We also used a midline sagittal cardiac-gated phase-contrast MR
imaging (10-mm-thick sagittal section, a 250  250 mm FOV,
acquisition matrix of 252  185, TR of 21 ms, TE of 6.4 ms,
phase-contrast velocity set at 10 cm/s). Finally, a gadolinium-
enhanced T1-weighted turbo spin-echo encompassing the whole
spine was performed.
We observed the presence of a syringomyelic cavity extending
fromT4 to T8with thickening of themeninges at the T5–T6 levels
(Fig 2). The rest of the spine was normal, and the administration
of contrast material confirmed the absence of a causative tumoral
lesion. The arachnoid adhesion did not enhance. In our case, cine
FIG 1. The pedigree of the Belgian family with spinal arachnoiditis and secondary syringomyelia. Squares and circles represent males and
females, respectively. Solid symbols represent the affected family members.
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MR imaging proved to be of little diagnostic value because the
motion of the heart and great vessels produced significant arti-
facts in the thoracic spine (it did not help in identifying the site of
CSF blockage). During surgery, the neurosurgeon confirmed the
presence of thick and fibrous arachnoidmatter (Fig 3 andOn-line
Video). The pathologic examination findings of the resected tis-
sue confirmed the presence of adhesive arachnoiditis (Fig 4). The
follow-up MR imaging examination showed that the transverse
size of the spinal cord had regressed and the syrinx was less
expansive.
Asymptomatic Members of the Family
All the living first-degree relatives of the affected individuals are
asymptomatic. An MR imaging of the whole spine was recom-
mended to exclude the possibility of an asymptomatic arachnoid-
itis in these family members. The MR imaging examination in-
cluded sagittal T2- and T1-weighted TSE sequences of the whole
spine and a transverse balanced turbo-field echo sequence of the
lower cervical and upper dorsal spine. The MR imaging showed
no anomaly in the following individuals: III.4, III.11, IV.1, and
IV.9.
DISCUSSION
Spinal adhesive arachnoiditis is an inflammation inside the dura,
affecting the arachnoid layer of themeninges, resulting in fibrosis.
As a consequence, the arachnoid becomes firm, adherent, and
thick and gets attached to the pia and dura mater.3 The causes of
spinal arachnoiditis include trauma, tumors, infections, spinal
surgery, and spinal injection of substances such as anesthetics or
oil-based myelographic contrast materials, which are no longer
used clinically.4,5
Adhesive arachnoiditis is a chronic inflammatory condition
causing neurologic impairment. It usually presents with diverse
symptoms such as persistent back pain, weakness, and dissociated
sensory loss. This condition is notably underdiagnosed, even
though there is a high and well-known association between adhe-
sive arachnoiditis and failed back surgery syndrome. On the other
hand, there have been reports suggesting that spinal arachnoiditis
is a coincidental finding rather than a disease.6 Quencer et al7
described a number of patients in whom arachnoiditis was totally
asymptomatic.
The complications of adhesive arachnoiditis include the for-
mation of arachnoid cysts, spinal cord damage (ischemia possibly
due to obliterative angiopathy), and syringomyelia.7-10 Jenik et
al11 highlighted, for the first time, the possible relationship be-
tween adhesive arachnoiditis and syringomyelia. Syringomyelia is
an eccentric cavity within the spinal cord, which contains extra-
cellular fluid (identical or similar to CSF). The most widely ac-
cepted theory regarding the etiology of syringomyelia is that the
perturbation of CSF flow in the subarachnoid space modifies the
fluid velocity, leading to a reduction of the fluid pressure and a
passive distension of the spinal cord.12,13
The pathophysiology of syringomyelia is still unknowndespite
numerous and thorough efforts.13-15 Older studies reported that
CSF enters the syrinx via the fourth ventricle through the central
canal.16 On the other hand, Ball and Dayan17 proposed that CSF
enters the syrinx through the spinal perivascular space of Vir-
chow-Robin. The studies of Heiss et al18 and Stoodley et al19 used
FIG 2. Sagittal T2-weighted MR image. Note enlargement of the
spinal cord with a syringomyelic cavity extending from levels T4 to T8
(arrow). At the T5–T6 levels, posterior to the cord, a band-like low-
signal-intensity structure represents a ﬁbrous thickening of the arach-
noid matter (arrowhead). The superior half of the cavity, just above
the arachnoid thickening, is much more dilated than the inferior half.
FIG 3. Intraoperative photograph conﬁrming the presence of a thick
and adherent arachnoid web (arrow), depicted by MR imaging.
FIG 4. The pathologic examination demonstrated a thickmembrane,
rich in collagen limited by meningoepithelial cells. There is no evi-
dence of inﬂammation, infection, or old hemorrhage (H&E stain).
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this hypothesis as a basis for explaining the pathophysiology of
syringomyelia. According to Chang and Nakagawa,20,21 the for-
mation of the syrinx is caused by CSF pressure gradients inside
and outside the spinal cord. This hypothesis could explain the
association of syringomyelia with both Chiari malformation and
adhesive arachnoiditis. Concerning the relationship between
arachnoiditis and syrinx formation, the authors support a pres-
sure drop in the subarachnoid space distal to the blockage. As a
result, the pressure inside the spinal cord becomes superior to the
perimedullar pressure. The cyclic pressure gradient at each CSF
pulse leads to the formation of a syrinx.
The symptoms of syringomyelia are usually progressive and
worsen during a long period. The most usual clinical manifesta-
tion of syringomyelia is a dissociated suspended sensory loss (im-
paired pain and temperature sensation but preserved light touch,
vibration, and position sense), motor deficit, dysesthesias, and
pain. When occurring outside of the context of arachnoiditis, sy-
ringomyelia is commonly associated with extramedullar malfor-
mations, such as Chiari or Dandy-Walker malformation. Isolated
syringomyelia, with no history of Chiari malformation, trauma,
or infection, can also occur, but it should always raise the suspi-
cion of an intramedullary tumor. When a syrinx has been diag-
nosed, a contrast-enhancedMR imaging study is, therefore, man-
datory to exclude an associated expansive intramedullary lesion.
To the best of our knowledge, reports about familial cases of
arachnoiditis in humans are limited to the articles of Duke and
Hashimoto1 and Nagai et al,2 which deal with the same family of
Japanese origin. There was no relation between the Japanese fam-
ily and the family of native Belgians described here. Furthermore,
all familymembers involved in the case study live in the same area
of Belgiumwithin a 50-km range. Nothing in ourmedical records
or in our knowledge suggests the exposure of the family to toxic
substances, endemic organisms, and so forth. Available data from
our cases and the Japanese family suggest that arachnoiditis may
sometimes be very strongly influenced by a very rare inherited
genetic anomaly. Amajor gene with incomplete penetrance could
explain the family data. Of course, multigenic inheritance is also a
possibility. A genetic study of this family will be undertaken to
look for a major gene.
Regarding syringomyelia, in 2002 a review by Yabe et al22 re-
ported 21 cases of familial syringomyelia since 1899. Two more
cases of familial syringomyelia were published since 2002.23,24
Almost all the published cases of familial syringomyelia (whether
associated or not with Chiari malformation) entail only 2 affected
individuals who often belong to the same sibship, but they some-
times stand in a parent-child relationship or in a more remote
degree of relationship. Although a highly penetrant Mendelian
transmission seems very unlikely, these published cases are con-
sistent with the hypothesis that genetic factorsmight play a role in
the development of sporadic syringomyelia and/or the develop-
ment of theChiarimalformation.Consistentwith this hypothesis,
Newman et al25 reported, 30 years ago, an association between
human leukocyte antigen A9 and syringomyelia in a series of 53
cases (40 of which were associated with a Chiari malformation).
The CSF pulsates in the craniocaudal direction due to the ce-
rebral blood volume variations during the cardiac cycle. Normal
and pathologic CSF pressure pulse has been extensively studied
and recorded as waveforms.26,27 In their study, Enzmann et al28
demonstrated that the most significant and consistent finding
within preoperative syrinx cavities is the presence of fluid that
pulsates in a similar way to subarachnoid CSF. The larger syringes
demonstrated more important pulsations than the smaller ones.
Nonpulsating syringes were usually the smaller ones. The postop-
erative studies of the syrinx showed a complete elimination of the
pulsations in 3 of 5 patients. Furthermore, when narrowing of the
subarachnoid space was observed, there were no CSF pulsations.
There was no pulsation in patients with cystic formation associ-
ated with a tumor. More recent studies confirmed the pulsatility
of the cyst and of the pericystic subarachnoid space.29 Addition-
ally, the occurrence of the systolic peak is earlier in the cyst than in
the pericystic subarachnoid space. In patients with Chiari I mal-
formation associated with syringomyelia, Koc¸ et al30 demon-
strated that at the level of the foramen magnum, the flow
pattern demonstrates a heterogeneous pattern, which was
ameliorated after surgical decompression. Regarding the syr-
inx, the preoperative flow pattern was heterogeneous, but after
the operation for decompression, there was an impressive de-
crease in CSF flow.
Mauer et al31 showed that cardiac-gated phase-contrast CSF
flow studies aremore reliable than invasive conventional myelog-
raphy to detect the site of spinal CSF blockage in idiopathic syrin-
gomyelia. Concerning the imaging of adhesive arachnoiditis as-
sociated with syringomyelia, according to Inoue et al,32 the most
striking MR imaging findings are the deformity of the cord at the
level of the arachnoid thickening, blurring of a part of a syrinx
wall, and the focal signal void within the syrinx.
For imaging of the subarachnoid space and arachnoid pathol-
ogy, T2-weighted imaging is the method of choice. Nevertheless,
there are some inconveniences arising from the loss of signal due
to CSF flow provoking a loss of contrast within the arachnoid
space. According to Roser et al,33 3D constructive interference in
steady state MR imaging is an ideal method for the diagnosis of
subarachnoid space disorders and syringomyelia due to the deg-
radation of the flow-void artifacts compared with T2-weighted
imaging and the amelioration of contrastwithin the subarachnoid
space. Moreover, this method provides the possibility of produc-
ing multiplanar reconstruction images. Nevertheless, this se-
quence is very sensitive to motion caused by swallowing and
breathing.34 Gottschalk et al34 suggested that cardiac-gated cine
steady-state free precessionMR imaging has a certain value in the
evaluation of idiopathic syringomyelia and the detection of the
arachnoid membranes.
For the imaging of future patients, we would suggest the use of
sagittal T2, T2*, T1, and postgadolinium T1-weighted sequences
from C0 to the cauda equina, a midline sagittal cardiac-gated
phase-contrast MR imaging completed by axial balanced turbo-
field echo at the level of the anomalies.
Regarding the treatment of adhesive arachnoiditis associated
with syringomyelia, the first aim should be lysis of the adhesions,
to resolve the pathologic factor. Drainage of the syrinx by my-
elotomy or by shunting is performed. Nonetheless, Klekamp et
al35 reported that recurrence of the syrinx after shunting occurs in
92% of cases for focal and 100% for extensive arachnoid scarring.
The same authors reported that for long-termmanagement of the
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syrinx, microsurgical lysis of the arachnoid adherences and de-
compression of the subarachnoid space with a fascia lata can lead
to an improved outcome.
REFERENCES
1. Duke RJ, Hashimoto SA. Familial spinal arachnoiditis: a new entity.
Arch Neurol 1974;30:300–03
2. NagaiM, SakumaR,AokiM, et al.Familial spinal arachnoiditiswith
secondary syringomyelia: clinical studies andMRI findings. J Neu-
rol Sci 2000;177:60–64
3. Benner B, Ehni G. Spinal arachnoiditis: the postoperative variety in
particular. Spine (Phila Pa 1976) 1978;3:40–44
4. Caplan LR, Norohna AB, Amico LL. Syringomyelia and arachnoid-
itis. J Neurol Neurosurg Psychiatry 1990;53:106–13
5. Brammah TB, JaysonMI. Syringomyelia as a complication of spinal
arachnoiditis. Spine (Phila Pa 1976) 1994;19:2603–05
6. Mooij JJ. Spinal arachnoiditis: disease or coincidence? Acta Neuro-
chir (Wien) 1980;53:151–60
7. Quencer RM,TennerM,RothmanL.Thepostoperativemyelogram:
radiographic evaluation of arachnoiditis and dural/arachnoidal
tears. Radiology 1977;123:667–79
8. Lee HJ, Cho DY. Symptomatic spinal intradural arachnoid cysts in
thepediatric agegroup:descriptionof threenewcases andreviewof
the literature. Pediatr Neurosurg 2001;35:181–87
9. Jain AK, Jena A, Dhammi IK. Correlation of clinical course with
magnetic resonance imaging in tuberculousmyelopathy.Neurol In-
dia 2000;48:132–39
10. Benini A, Blanco J. Chronic fibroplastic leptomeningitis of the spi-
nal cord and cauda equina [in German]. Schweiz Arch Neurol Psychi-
atr 1990;141:293–343
11. Jenik F, Tekle-Haimanot R, Hamory BH. Non-traumatic adhesive
arachnoiditis as a cause of spinal cord syndromes: investigation of
507 patients. Paraplegia 1981;19:140–54
12. GreitzD, FranckA,Nordell B.Onthepulsatile nature of intracranial
and spinal CSF-circulation demonstrated byMR imaging.Acta Ra-
diol 1993;34:321–28
13. Greitz D. Unraveling the riddle of syringomyelia. Neurosurg Rev
2006;29:251–63, discussion 264
14. Elliott NS, Lockerby DA, Brodbelt AR. The pathogenesis of
syringomyelia: a re-evaluation of the elastic-jump hypothesis.
J Biomech Eng 2009;131:044503
15. Mallucci C, Brodbelt A.The enigma of syringomyelia.Br JNeurosurg
2007;21:423–24
16. Gardner WJ.Hydrodynamic mechanism of syringomyelia: its rela-
tionship tomyelocele. J Neurol Neurosurg Psychiatry 1965;28:247–59
17. Ball MJ, Dayan AD. Pathogenesis of syringomyelia. Lancet
1972;2:799–801
18. Heiss JD, Patronas N, DeVroom HL, et al. Elucidating the patho-
physiology of syringomyelia. J Neurosurg 1999;91:553–62
19. Stoodley MA, Brown SA, Brown CJ, et al. Arterial pulsation-depen-
dent perivascular cerebrospinal fluid flow into the central canal in
the sheep spinal cord. J Neurosurg 1997;86:686–93
20. Chang HS, Nakagawa H.Hypothesis on the pathophysiology of sy-
ringomyelia based on simulation of cerebrospinal fluid dynamics.
J Neurol Neurosurg Psychiatry 2003;74:344–47
21. Chang HS, Nakagawa H. Theoretical analysis of the pathophysiol-
ogy of syringomyelia associatedwith adhesive arachnoiditis. J Neu-
rol Neurosurg Psychiatry 2004;75:754–57
22. Yabe I, Kikuchi S, Tashiro K. Familial syringomyelia: the first
Japanese case and review of the literature. Clin Neurol Neurosurg
2002;105:69–71
23. Mavinkurve GG, Sciubba D, Amundson E, et al. Familial Chiari type
Imalformationwith syringomyelia in two siblings: case report and
review of the literature. Childs Nerv Syst 2005;21:955–59
24. Koc¸ K, Anik I, Anik Y, et al. Familial syringomyelia in two siblings:
case report. Turk Neurosurg 2007;17:251–54
25. Newman PK,Wentzel J, Foster JB.HLA and syringomyelia. J Neuro-
immunol 1982;3:23–26
26. Cardoso ER, Rowan JO, Galbraith S.Analysis of the cerebrospinal
fluid pulse wave in intracranial pressure. J Neurosurg
1983;59:817–21
27. Matsumoto T, Nagai H, Kasuga Y, et al. Changes in intracranial
pressure (ICP) pulsewave following hydrocephalus.ActaNeurochir
(Wien) 1986;82:50–56
28. Enzmann DR, O’Donohue J, Rubin JB, et al. CSF pulsations
within nonneoplastic spinal cord cysts. AJR Am J Roentgenol
1987;149:149–57
29. Brugie`res P, Idy-Peretti I, Iffenecker C, et al. CSF flowmeasurement
in syringomyelia. AJNR Am J Neuroradiol 2000;21:1785–92
30. Koc¸ K, Anik Y, Anik I, et al. Chiari 1 malformation with
syringomyelia: correlation of phase-contrast cineMR imaging and
outcome. Turk Neurosurg 2007;17:183–92
31. Mauer UM, Freude G, Danz B, et al. Cardiac-gated phase-contrast
magnetic resonance imaging of cerebrospinal fluid flow in the di-
agnosis of idiopathic syringomyelia. Neurosurgery 2008;63:1139–
44, discussion 1144
32. Inoue Y, Nemoto Y, Ohata K, et al. Syringomyelia associated with
adhesive spinal arachnoiditis: MRI.Neuroradiology 2001;43:325–30
33. Roser F, Ebner FH, Danz S, et al. Three-dimensional constructive
interference in steady-state magnetic resonance imaging in
syringomyelia: advantages over conventional imaging. J Neurosurg
Spine 2008;8:429–35
34. Gottschalk A, Schmitz B, Mauer UM, et al.Dynamic visualization of
arachnoid adhesions in a patient with idiopathic syringomyelia us-
ing high-resolution cinemagnetic resonance imaging at 3T. JMagn
Reson Imaging 2010;32:218–22
35. Klekamp J, Batzdorf U, Samii M, et al. Treatment of syringomyelia
associated with arachnoid scarring caused by arachnoiditis or
trauma. J Neurosurg 1997;86:233–40
1236 Pasoglou Jun 2014 www.ajnr.org
